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Centrality monitoring for time-evolving graphs

YASUHIRO Fusiwara, b2 Makoro ONizukafl
and MASARU KITSUREGAWA 2

The goal of this work is to identify the nodes that have the smallest sum of
distances to other nodes (the lowest closeness centrality nodes) and the nodes
that minimizes the maximum distance to all other nodes (the lowest eccen-
tricity nodes) from graphs that evolve over time. Previous approaches for this
problem find the lowest centrality nodes efficiently at the expense of exactness.
The main motivation of this paper is to answer the question, ‘Is it possible to
improve the search time without sacrificing the exactness?’. Our solution is
based on two ideas: (1) It computes approximate centrality by reducing the
original graph size while guaranteeing the answer exactness, and (2) It termi-
nates unnecessary distance computations early when pruning unlikely nodes.
Our theoretical analyses show that our approach guarantees exactness of the
answer and that it has a lower order of space and time complexities than the

previous approaches. We perform several experiments to verify the efficiency
of our approach with real and large datasets that contain several hundreds of
thousands of nodes. The results show that our approach can find the low-
est centrality nodes significantly faster than the previous approaches while it
guarantees the answer exactness.
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Table 1 Definition of main symbols.
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Fig.1 Proposal approach.
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Algorithm Update
input: G[t] = (V, E), a time-evolving graph at time ¢
Uqdd, the added node at time ¢
output: G'[t] = (V', E'): the approximate graph.
V' =0
E' =0
compute distances from uqq4;
for each node v s.t. d(ugqq,v) < 2 do
compute the similarity coefficient;
update the most similar node of v, Vgim, from {V,ugq4};
end for
for each node v € V do
if ﬂv;im S.t. Vsim € v}, in V’ then
add node v/, to V’;
end if
aggregate node v to vgim;
end for
for each node v/ € V' do
if v/ w00 ({v,w},v €000 w € w’') then
add edge {v/,w’'} to E';
end if
end for
return G'[t];

02 000DOOoogoo
Fig.2 Update of approximate graph.
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Algorithm Centrality Computation
input: G = (V, E), a graph
u, a source node
0, exact centrality of the candidate node
output: C’u, estimate centrality
Vez < empty set;
while V., # V do
compute distance of node v, d(v,u), by breadth-first search;
append node v — Veg;
compute the estimation C’u;
if 'y < 0 then
return C’u;
end if
end while
return é’u;

03 Ooooood
Fig.3 Centrality Computation.
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Algorithm Centrality Computation
input: G[t] = (V, E), a time-evolving graph at time ¢
Uqdd, the added node at time ¢
Upest[t — 1], the previous best centrality node
output: upes[t]: the best centrality node
//Update the approximate graph
update the approximate graph by the update algorithm;
//Search the best centrality node
Vezact — empty Set;
compute 0, the exact centrality of node upese[t — 1];
for each node v’ € V’ do
compute C,/, the approximate centrality of node v’;
if C,s > 6 then
for each node v € v’ do
append node v — Vegact;
end for
end if
end for
for each node v € Vegqct do
compute Cy, the exact centrality of node v;
if C, > 6 then
0 «— Cy;
Upest[t] < v;
end if
end for
return upes[t];
04 O0OOOODO
Fig.4 Centrality Monitoring.
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